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a  b  s  t  r  a  c  t
Given  that  the  research  area  of  cognitive  intervention  studies  in  the aging  population  is  growing  rapidly,
it  is important  to review  and  gauge  more  recent  intervention  studies,  in order to  determine  the  evidence
for  the  effectiveness  of cognitive  interventions.  The  purpose  of  the present  review  was  to update  the
recent  systematic  reviews  of  Papp  et  al.  (2009)  and  Martin  et al. (2011),  to  evaluate  the effectiveness  of
cognitive  interventions  in healthy  older  adults  and  people  with  MCI,  by taking into  account  the  method-
ological  quality  of the interventions  studies.  A systematic  review  of randomized  controlled  trials  (RCT)
and  clinical  studies  published  between  August  2007  and  February  2012  in Pubmed  and  PsychINFO  was
performed.  The  quality  of  the  included  RCTs  was assessed  according  to the  CONSORT  criteria  for  RCTs.
A total  of  thirty-five  studies  were  included;  twenty-seven  RTCs  and  eight  clinical  studies.  The  content
of  the  intervention  studies  differed  widely,  as  did  the  methodological  quality  of the included  RCTs,  butandomized controlled trials was considerably  low  with  an  average  of  44%  of  the  Consort  items  included.  The  results  show  evidence
that  cognitive  training  can  be effective  in  improving  various  aspects  of  objective  cognitive  functioning;
memory  performance,  executive  functioning,  processing  speed,  attention,  fluid  intelligence,  and  subjec-
tive cognitive  performance.  However,  the  issue  whether  the  effects  of  cognitive  interventions  generalize
to  improvement  in  everyday  life  activities  is  still  unresolved  and  needs  to be addressed  more  explicitly
in  future  research.. Introduction
The proportion of older individuals in our western society is
rowing rapidly (CBS, 2009). As a consequence a larger amount
f people encounter difficulties in executive functioning, memory,
nd speed of information processing (Glisky, 2007). It is an ongoing
ebate whether such difficulties can be postponed or even reverted
n a normal aging population, but overall the general held opinion
mong researchers in this field has been optimistic (Lustig et al.,
009; Valenzuela and Sachdev, 2009). Cognitive training programs,
nvolving guided practice of specific cognitive tasks, and cognitive
timulation programs, aimed at enhancing general cognitive func-
ioning, have been offered to prevent or minimize the effects of
ognitive aging. The effects of such cognitive interventions were
nvestigated not only in healthy older adults, but also in people with
ognitive deterioration beyond the normal age-dependent changes,
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for example people with mild cognitive impairment (MCI) (Lustig
et al., 2009; Valenzuela and Sachdev, 2009).
In the last decade several reviews have been conducted into the
effects of cognitive interventions in healthy older adults and people
with MCI  (Valenzuela and Sachdev, 2009; Jean et al., 2010a; Martin
et al., 2011; Papp et al., 2009; Tardif and Simard, 2011; Teixeira
et al., 2012). Papp et al. (2009) performed a systematic review with
meta-analytic techniques to analyze randomized controlled trials
(RCT) of cognitive interventions in healthy older adults. Ten RCTs
published between 1996 and 2007 were included and analyzed
in their review. A mean effect size of 0.16 was found across all
outcome measures. Effect sizes were larger when outcome meas-
ures were directly related to type of training. Their conclusion
was that training improves immediate performance on related
tasks but there was no evidence for generalization effects to over-
all cognitive functioning. They also stated that their review was
limited by small and heterogeneous studies with low methodolog-
ically quality and more RCTs are needed with sufficient follow-up
time, matched active control groups and outcome measures that
can show changes in more than one specific domain (Papp et al.,
2009). The review of Martin et al. (2011) included, in compari-
son to Papp et al. (2009), more studies from both healthy older
adults and MCI  populations. A total of thirty-six RTCs were included,




















Fig. 1. Selection proce
ublished between 1985 and 2007. Only data on memory train-
ng could be pooled. Results showed that, for healthy older
dults, immediate and delayed verbal recall improved significantly
hrough training compared to a no-treatment control group. When
ompared to an active control condition, the improvements were
o longer significant. For individuals with MCI, the analysis demon-
trated the same pattern (Martin et al., 2011). Only quite recently,
 review of Tardif and Simard (2011) was published, who reviewed
ognitive interventions in healthy older adults and included four-
een studies, published between 2001 and March 2011. Their
onclusion was that improvements were observed on at least one
utcome measure in each study. They also noted that the quality
nd content of the studies included were very heterogeneous and
ifficult to compare which made generalization to everyday life
ather difficult (Tardif and Simard, 2011).Given that the research area of cognitive intervention studies is
rowing rapidly, it is important to review and gauge more recent
ntervention studies in both healthy older adults and people with
CI, in order to determine the evidence for the effectiveness ofhe systematic review.
cognitive interventions. In doing so, it is important to recognize
that one should consider the heterogeneity in quality and content
of the studies and interventions and to include not only objective
outcome measures (e.g. test performance) but also the subjec-
tive outcome of such interventions (e.g. cognitive complaints).
The purpose of the present review was  therefore to evaluate the
effectiveness of cognitive interventions in healthy older adults and
people with MCI, by taking into account the content and method-
ological quality of the interventions studies.
2. Methods
A  systematic literature search for cognitive intervention studies
was done in two databases: Pubmed and PsychINFO. Our search
included studies that were performed between August 1, 2007 and
February 14, 2012, as we  wanted to build on the results of two ear-
lier performed systematic reviews (Martin et al., 2011; Papp et al.,
2009). Our initial search strategy included the intersection of the
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Table 1
Intervention characteristics of studies in healthy older adults (n = 21).
Study Aim of intervention Intervention Duration Total hours of
intervention
Control group
Bailey et al. (2010) Improving ability to regulate
learning
Training metacognitive skills at home such as
self-testing and efficient time allocation
2 weeks manual with lessons
and 4 assignments
NC Waiting list
Basak  et al. (2008) To improve executive functions A real-time strategy game (rise of nation) that
combines the speed of real-time gaming and the
complexity of strategy games
15 training sessions of 1.5 h
4–5 weeks
22.5 h No training and no
contact
Berry  et al. (2010) To improve perceptual abilities Visual cognitive training using the Sweep Seeker
program (Posit science)
3–5 sessions per week. Total of
10 h training
10 h No training
Borella  et al. (2010) To improve performance on
WM  tasks and generalization
to untrained task
Verbal WM training using the categorization working
memory span task
3 sessions of 60 min  3 h Active control
Bottiroli  and Cavallini (2009) Improve the use of memory
strategies and transfer effects
to non-practiced tasks
Teaching 2 memory strategies and practicing on 3
computerized memory tasks which were adapted from
the neuropsychological training software
3 sessions of 2 h 6 h Waiting list
Buiza  et al. (2008) To improve cognitive functions
and quality of life
Cognitive therapy based on Braak and Braak’s model of
Alzheimer’s staging addressing memory, attention,
language, visuoconstructive ability, executive
functions, visuo-motor coordination, and praxis (EG1
and 2). In EG1 issues related to well-being were
discussed
2 years, total of 180 session 270 h No training
Buschkuehl et al. (2008) To improve memory
performance in old–old adults
Computerized WM training 3 months
2 sessions per week of 45 min
18 h Active control
(physical
intervention)
Carlson et al. (2008) To enhance physical, social,
and cognitive activity and, in
doing so, exercise memory and
executive functions
Community-based program ‘Experience Corps’ to help
elementary school children with reading achievement,
library support and classroom behavior
1 year
15 h per week
630 h Waiting list
Cavallini  et al. (2010) Instruction-based memory
training to promote transfer
effects to other memory tasks
Training in mnemonics (EG1) and in EG2: also
instructions how to apply these to other tasks, imagery
and sentence generation were practiced
4 sessions of 2 h 8 h No training
Fairchild and Scogin (2010) To improve both objective and
subjective memory
Memory enhancement program addressing objective
and subjective memory; information about aging
process; nutrition; mood; controllability of memory
and teaching mnemonics
6 weeks
1 session per week of
30–60 min
6 h Minimal social
support
Hastings  and West (2009) To improve self-efficacy and
memory performance
Multi-factorial training program centred on increasing
self-efficacy, including strategy training, class
discussions, homework reading and practice exercises
Self help participants used a manual containing the
same strategy training material and practice exercises
6 sessions of 2 h 12 h Waiting list
Klusmann et al. (2010) To increase cognitive
performance
Computer course (EG1): creative, coordinative, and
memory tasks
Physical exercise course (EG2): aerobic endurance,
strength, and flexibility training
6 months
75 session of 90 min
112.5 h No contact
McDougall et al. (2010) To increase memory
self-efficacy
Memory training based on cognitive behavioral model
of  everyday memory derived from Bandura’s
self-efficacy theory (SeniorWISE study)
8 sessions and 4 booster
sessions
18 h Health promotion
training
Mozolic et al. (2011) To help people suppress
irrelevant auditory and visual
stimuli
Individual training program focused on visual and
auditory selective attention
8 sessions of 1 h per week 8 h Educational lecture
Noice  and Noice (2009) To improve cognitive function
and affective measures
Offering a specific type of novel, stimulating,
multi-modal activity: acting course
8 sessions of 1 h
2 sessions per week




Richmond et al. (2011) To improve performance on
WM  tasks and generalization
to untrained task
Complex WM training using both a verbal and a spatial
WM tasks
4–5 weeks
5 days per week
20–30 min per day
12.5 h Active control
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‘cognitive stimulation’ OR ‘cognitive rehabilitation’ OR ‘brain train-
ing’ OR ‘memory training’ OR ‘mnemonic training’] AND [‘healthy
elderly’ OR ‘older adults’ OR ‘aging’ OR ‘mild cognitive impairment’
OR ‘MCI’]. This search was  supplemented by manual search from
the references of selected articles. In order to minimize the chance
of missing relevant studies we  extended the search terms used by
Papp et al. (2009) and also used a combination of the search terms
used by two  earlier reviews (Martin et al., 2011; Papp et al., 2009).
The following inclusion criteria were used to identify studies
as eligible: (1) randomized controlled trial or clinical study, (2)
study population consisting of healthy older adults or people with
MCI, (3) any type of cognitive intervention, and (4) use of objec-
tive and/or subjective outcome measures. Studies were excluded
if the language was  not English. Furthermore, papers based on the
same study population were excluded. When more than one paper
was found about a specific data set, only the main paper on the
original study data was  included for further analysis and quality
assessment. If the original study was  published before 2007 then
the original study was also not included.
After the final selection, two  reviewers (JR and MvB) extracted
data independently and assessed the methodological quality of the
studies using a standardized form of the Consort statement 2010
for randomized controlled trials (www.consort-statement.org)
(Schulz et al., 2010). In case of discrepancies between the two raters,
consensus was  achieved after discussion. The methodological qual-
ity of the studies was indicated by the percentage of items of the
Consort statement reported in the articles. Given the considerable
heterogeneity of the interventions it was  decided not to statisti-




In Fig. 1 the results of the selection process are shown. A total of
thirty-five studies were selected for further analysis; twenty-seven
RTCs and eight clinical studies. The clinical studies will be discussed
separately. Of the twenty-seven RCTs, twenty-one intervention
studies included a population of healthy older adults (Bailey et al.,
2010; Basak et al., 2008; Berry et al., 2010; Borella et al., 2010;
Bottiroli and Cavallini, 2009; Buiza et al., 2008; Buschkuehl et al.,
2008; Carlson et al., 2008; Cavallini et al., 2010; Fairchild and
Scogin, 2010; Hastings and West, 2009; Klusmann et al., 2010;
McDougall et al., 2010; Mozolic et al., 2011; Noice and Noice,
2009; Richmond et al., 2011; Slegers et al., 2008; Smith et al.,
2009; Talib et al., 2008; Tranter and Koutstaal, 2008; West et al.,
2008) and six intervention studies included a population of peo-
ple with MCI  (Barnes et al., 2009; Jean et al., 2010b; Kinsella
et al., 2009; Troyer et al., 2008; Tsolaki et al., 2011; Wagner et al.,
2008). Tables 1 and 2 present the characteristics of the interven-
tion programs (for healthy older adults population and MCI) and
Tables 3 and 4 present the characteristics of the included RCTs,
including outcome measures and effects.
3.2. Study characteristics
The number of healthy older adults in the experimental groups
varied from 13 (Buschkuehl et al., 2008) to 242 (Smith et al., 2009).
The mean age of the study populations ranged from 63.5 (Cavallini
et al., 2010) to 80.2 years (Noice and Noice, 2009). All studies were
carried out in an experimental setting. A group-based interven-
tion was  used in ten studies (Bottiroli and Cavallini, 2009; Buiza
et al., 2008; Buschkuehl et al., 2008; Carlson et al., 2008; Cavallini
et al., 2010; Klusmann et al., 2010; McDougall et al., 2010; Noice
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Table  2
Intervention characteristics of studies in MCI  population (n = 6).
Study Aim of intervention Intervention Duration Total hours of
intervention
Control group
Barnes et al. (2009) To improve auditory
processing speed and accuracy
Computer-based cognitive





50 h More passive computer
activities















Kinsella et al. (2009) Memory rehabilitation, to
practice memory strategies for
everyday problems








7.5 h Waiting list
Troyer et al. (2008) Multidisciplinary group-based
intervention to change
everyday memory behavior







20 h Waiting list
Tsolaki et al. (2011) Holistic cognitive
rehabilitation program to cover
the needs and deficiencies of
patients with MCI










90 h Waiting list
Wagner et al. (2008) To analyze everyday situations
with memory problem and
Practicing prospective memory





































train specific strategies new information rel
real-life situations
nd Noice, 2009; Talib et al., 2008; West et al., 2008), the same
umber of studies used an individually based intervention (Bailey
t al., 2010; Basak et al., 2008; Berry et al., 2010; Borella et al., 2010;
airchild and Scogin, 2010; Mozolic et al., 2011; Richmond et al.,
011; Slegers et al., 2008; Smith et al., 2009; Tranter and Koutstaal,
008) and one study used both (Hastings and West, 2009). Five
tudies included follow-up data, up till one year after the inter-
ention (Borella et al., 2010; Buschkuehl et al., 2008; Hastings and
est, 2009; Slegers et al., 2008; Smith et al., 2009).
The number of people with MCI  in the intervention groups var-
ed from 11 (Jean et al., 2010b)  to 104 (Tsolaki et al., 2011). The
ean age of the study populations ranged from 53.7 (Wagner et al.,
008) to 78 years (Kinsella et al., 2009). In four (out of six) stud-
es, the interventions were carried out in a clinical setting (Barnes
t al., 2009; Kinsella et al., 2009; Tsolaki et al., 2011; Wagner
t al., 2008). A group-based intervention was used in four studies
Kinsella et al., 2009; Troyer et al., 2008; Tsolaki et al., 2011; Wagner
t al., 2008), whereas two studies used an individually based inter-
ention (Barnes et al., 2009; Jean et al., 2010b). In two  studies the
ffectiveness of the intervention was not only assessed immedi-
tely after the intervention but also after three or four months
Kinsella et al., 2009; Troyer et al., 2008). In one study a follow-up
ssessment was planned (Wagner et al., 2008).
The total hours of intervention varied widely between studies,
s can be seen in Tables 1 and 2. We  performed a linear regression
nalysis to investigate whether the effectiveness of the intervention
ould be predicted by the total hours of intervention. The effec-
iveness of an intervention was calculated by dividing the number
f significant outcome measures by the total number of outcome
easures. We  found no significant effect between total hours ofntervention and intervention effect (R2: 0.016, p = 0.54), indicating
hat in the included studies there was no dose response relation-
hip between total hours of intervention and the effectiveness of
he intervention.o
3.3. Description of interventions
Table 1 shows the characteristics of the interventions that were
performed in healthy older adults. Eleven studies aimed at improv-
ing memory performance; four studies addressed working memory
by computerized training (Berry et al., 2010; Buschkuehl et al.,
2008; Richmond et al., 2011) or training of the categorization span
task (Borella et al., 2010); four studies provided training of the use
of memory strategies (Bottiroli and Cavallini, 2009; Cavallini et al.,
2010; Talib et al., 2008), accompanied with psycho-educational
lessons (Fairchild and Scogin, 2010) and the other three stud-
ies aimed at improving memory self-efficacy by a multifactorial
training program (Hastings and West, 2009; West et al., 2008) or
a memory training program derived from Bandura’s self-efficacy
theory (McDougall et al., 2010). Six studies aimed at improving
cognitive functioning in general by providing a computer course
(Klusmann et al., 2010; Slegers et al., 2008), a plasticity-based adap-
tive cognitive training (Smith et al., 2009), a multifactorial cognitive
training (Buiza et al., 2008), a community-based program (Carlson
et al., 2008) or an acting course (Noice and Noice, 2009). Besides
this, single studies aimed at improving learning abilities by train-
ing metacognitive skills (Bailey et al., 2010), executive functioning
by a real-time strategy game (Basak et al., 2008), attentional skills
by training a selective attention task (Mozolic et al., 2011) and fluid
intelligence by novel stimulating activities (Tranter and Koutstaal,
2008). Ten studies used an active control condition, where the other
eleven used a waiting list or no training control group. The dura-
tion of an intervention varied between 3 hourly sessions up till 180
sessions (Borella et al., 2010; Buiza et al., 2008).
Table 2 shows the characteristics of the interventions assessed
in people with MCI. Most interventions aimed at improving mem-
ory performance by training memory strategies (Jean et al., 2010b;
Kinsella et al., 2009; Troyer et al., 2008; Tsolaki et al., 2011; Wagner
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Table 3





Intervention Follow-up Outcome measures of interest Significant effect for
experimental groupd
Bailey et al. (2010) 29/27 Range 60–89 Metacognitive training
at home










Raven’s Advanced Progressive Matrices
Stopping task














Berry  et al. (2010) 15/15 71.9 Perceptual
discrimination training
Post-intervention Trained perceptual task
Untrained perceptual task
WM/delayed recognition paradigm – NI





Borella  et al. (2010) 20/20 69.0/69.2 Verbal WM training Post-intervention
and 8 months
follow up
Visuospatial WM (dot matrix task)
Short-term memory (digit span)
Inhibition (stroop color task)
Processing speed (pattern comparison
task)




+ (also at FU)
+ (also at FU)
































+  (for EG1)





+  (for EG1)
Buschkuehl et al.
(2008)
13/19 80.1 Computerized WM
training
Post-intervention









Carlson et al. (2008) 70/58 70.1/68.4 Community-based
program
At 4 and 8 months Word list memory
Trail Making Test














Post-intervention Associate learning (practiced task)





+ (EG1 = EG2)
+  (EG1 = EG2)





















28/25 72.4 Memory enhancement
program



























+ (for EG1 at FU)
+ (EG1 and EG2, at FU)
0
0
+  (EG1 and EG2, also at FU)
+  (EG1 and EG2, also at FU)
0
Klusmann  et al. (2010)e 92/91/76a 73.6 Computer course (EG1)
and physical exercise
course (EG2)
Post-intervention Rivermead Behavioral Memory Test










+ (EG1 and EG2)
+ (due to worsening in CG)
0
0






McDougall et al. (2010) 135/130 75 Memory training At 2, 6, 14 and 26
months
Mini-Mental State Exam
Hopkins Verbal Learning Test – revised
Brief Visuospatial Memory Test
Rivermead Behavioral Memory Test
Direct Assessment of Functional Status
Memory Self-Efficacy Questionnaire
Spielberger State-Trait Anxiety Inventory
Centers for Epidemiologic Studies Scale
Metamemory in Adulthood









Mozolic et al. (2011) 33/33 69.4 Modality specific
attention training
Post-intervention Selective attention task (cross-modal)
Selective attention task (within-modality)
Multisensory integration task
Symbol Digit Modalities Test




Hopkins verbal learning test













Noice and Noice (2009) 42/40/40b 80.2/82.7/81.6 Multi-modal activities




Post-intervention Word list recall











+ (only EG compared to
CG1)
+
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Table 3 (Continued)




Intervention Follow-up Outcome  measures  of  interest Significant  effect  for
experimental  groupd
Richmond  et  al.  (2011)  21/19  66  Verbal  and  spatial  WM  training  Post-intervention  Reading  span
Digit  span  forward
Digit  span  backward
Raven’s  Advanced  Progressive  Matrices
Test  of  everyday  attention















Slegers  et  al.  (2008)f 60/49/55/40c Range  64–75  Computer  training  and  Internet
Usage
EG:  training  and  intervention
CG1:  training,  no  intervention
CG2:  no  training,  no  intervention
CG3:  no  contact
Post-intervention  and  12  months
FU
Short-Form  Health  Survey  (SF-36)
Loneliness  questionnaire
Symptom  Check  List  –  90
Development  and  activity  (self-report)
Instrumental  Activities  of  Daily  Living
Belief  in  External  Control  Scale
Mastery  Scale
Computer  use
Visual  verbal  learning  test
Motor  choice  reaction  time  test
Letter  digit  substitution  test
Concept  shifting  test
Stroop  color  word  test















Smith  et  al.  (2009)  242/245  75.6/75.0  Computerized  cognitive  training  Post-intervention  and  3  months  FU  RBANS  (auditory  memory  and  attention)
Rey  Auditory  Verbal  Learning  Test
Rivermead  Behavioral  Memory  Test
Digit  span  backwards  test
Letter-number  sequencing
Processing  speed
Cognitive  Self-Report  Questionnaire
+
+  (also  at  FU)
0
+
+  (also  at  FU)
+  (also  at  FU)
+
Talib  et  al.  (2008)  11/12  67.8/67.3  Memory  training  Post-intervention  Prose  recall
List  recall
WAIS digit  symbol







Tranter  and  Koutstaal
(2008)
22/22  67.8  Mentally  stimulating  activities  Post-intervention  Catell’s  Culture  Fair  (fluid  intelligence)
WAIS-R  blocks  (Spatial  perceptual  test)
+
+
West  et  al.  (2008)  42/42  69.9  Group-based  memory  training  Post-intervention  at  week  6  and
week  9
Memory  Self-Efficacy  Questionnaire
Metamemory  in  Adulthood  (3  subscales)





Shopping  list  recall
Digit  symbol  substitution  test










EG, experimental group; CG, control group; N, number of patients; FU, follow-up; WM,  working memory; NI, no interference task; IS, interrupting stimulus task; RBANS, Repeatable Battery for the Assessment of Neuropsychological
Status;  CVLT, California Verbal Learning Test.
a Two experimental groups.
b Two control groups.
c Three control groups.
d +, positive effect for experimental group; 0, no difference between groups; −, negative effect for experimental group.
e Subjective measures reported in Klusmann et al. (2011).
f Objective outcome measures reported in Slegers et al. (2009).
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Table  4





Intervention Follow-up Outcome measures of interest Significant effect for
experimental groupa






















at  1 and 4 weeks
Face-name associations
California verbal learning test
Dementia Rating Scale
Mini Mental State Examination















































Tsolaki et al. (2011) 104/72 67 Cognitive
rehabilitation
program
Post-intervention Mini Mental State Examination
Montreal Cognitive Assessment
Functional Cognitive Assessment Scale
MoCA (verbal memory)
Rey-Österrieth Complex Figure Test
MoCA (Clock drawing)
















































MQ,  Multifactorial Memory Questionnaire; MoCA, Montreal Cognitive Assessmen
a +, positive effect for experimental group; 0, no difference between groups; −, n
b Improved in both groups.
Jean et al., 2010b),  lifestyle (Troyer et al., 2008), or practice of atten-
ional skills (Kinsella et al., 2009; Tsolaki et al., 2011). One study
imed at improving processing speed by using a computer-based
ognitive training program (Barnes et al., 2009). Two studies used
n active control condition, where the other four used a waiting
ist or no training control group. The duration of an intervention
aried between 5 and 20 weeks (Kinsella et al., 2009; Tsolaki et al.,
011).
.4. Outcome measures and effects
In the twenty-one RCTs in healthy older adults included in
ur analysis, the most commonly used outcome measure was
bjective memory performance (twenty studies) (Table 3). In sev-
nteen studies, memory performance was significantly improved
fter the intervention. Significant differences were observed on the
ollowing tasks; self-paced memory task (Bailey et al., 2010), work-
ng memory tasks (Basak et al., 2008; Berry et al., 2010; Borella
t al., 2010; Buiza et al., 2008; Buschkuehl et al., 2008; Richmond
t al., 2011; Smith et al., 2009; Talib et al., 2008), recognition task
Bottiroli and Cavallini, 2009), face-name learning tasks (Bottiroli
nd Cavallini, 2009; Fairchild and Scogin, 2010), immediate mem-
ry and learning potential (Buiza et al., 2008), word list recall
Carlson et al., 2008; Cavallini et al., 2010; Noice and Noice, 2009),e effect for experimental group.
name recall (Hastings and West, 2009; West et al., 2008), story/text
recall (Cavallini et al., 2010; Hastings and West, 2009; Noice and
Noice, 2009; Talib et al., 2008; West et al., 2008), Rivermead Behav-
ioral Memory Test (Klusmann et al., 2010), Repeatable Battery for
the Assessment of Neuropsychological Status (Smith et al., 2009),
Rey Auditory Verbal Learning Test (Smith et al., 2009), memory
strategy use (Talib et al., 2008; West et al., 2008). In eight stud-
ies, measures of executive functioning were included, of which
five studies showed significant effects on the following tasks; task
switching (Basak et al., 2008), Stroop Color Word Task (Borella
et al., 2010), Trail Making Test (Carlson et al., 2008), Rey-Österrieth
Complex Figure Test (Carlson et al., 2008), Symbol Digit Modali-
ties Test (Mozolic et al., 2011), walk and talk paradigm (Mozolic
et al., 2011), fluency and problem solving (Noice and Noice, 2009).
In three studies, significant improvement on (fluid) intelligence test
were observed; Catell’s Culture Fair (Bottiroli and Cavallini, 2009;
Tranter and Koutstaal, 2008), Raven’s Advanced Progressive Matri-
ces (Basak et al., 2008). In two studies, significant improvement
on attentional tasks were observed; selective attention task, multi-
sensory integration task (Mozolic et al., 2011), Repeatable Battery
for Assessment of Neuropsychological Status (Smith et al., 2009).
In two studies, significant improvement in speed of processing
was observed (Borella et al., 2010; Smith et al., 2009). In one
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tate Examination) was included as an outcome measure and sig-
ificantly improved by the intervention (McDougall et al., 2010).
ubjective measures of cognitive performance were included in
ve studies. Significant effects were observed for the Multifacto-
ial Memory Questionnaire (Fairchild and Scogin, 2010), Object
isplacement task (Fairchild and Scogin, 2010), Memory Self-
fficacy Questionnaire (Hastings and West, 2009; West et al., 2008),
etamemory in Adulthood (Hastings and West, 2009; McDougall
t al., 2010; West et al., 2008), and Cognitive Self-Report Ques-
ionnaire (Smith et al., 2009). In two studies, measures of daily
unctioning (Direct Assessment of Functional Status (McDougall
t al., 2010) and Instrumental Activities of Daily Living (Slegers
t al., 2008)) were included, but no significant effect were observed.
All six RCTs in the MCI  population included in our analysis
sed objective memory performance as an outcome measure: in
our studies memory performance significantly improved after the
ntervention (Table 4). Significant improvements were observed
n the following tasks; prospective memory (Kinsella et al., 2009),
emory strategy knowledge (Kinsella et al., 2009; Troyer et al.,
008), verbal memory (Montreal Cognitive Assessment) (Tsolaki
t al., 2011), appointment test (Wagner et al., 2008) and logical
emory (Wagner et al., 2008). In two studies measures of executive
unctioning were included; the functional cognitive assessment
cale was significantly improved by the intervention in one study
Tsolaki et al., 2011). In three studies, a measure of general cognitive
unctioning was included. In only one study general cognitive per-
ormance, measured with the Mini Mental State Examination and
he Montreal Cognitive Assessment was significantly improved by
he intervention (Tsolaki et al., 2011). In three studies, a subjective
easure of cognitive performance was included, the Multifactorial
emory Questionnaire, although no significant effects were found
n this scale. In one study a significant improvement on a mea-
ure of daily functioning (Functional Rating Scale of Symptoms of
ementia) was observed (Tsolaki et al., 2011).
.5. Methodological quality of study
The methodological quality of the twenty-seven RCTs was
ssessed. The percentage of the Consort items reported in the
ncluded studies ranged from 16% to 73%, with an average of 44%
Table 5). The study of Smith et al. (2009) had the highest method-
logical quality (73%), while the study of Wagner et al. (2008) had
he lowest quality (16%). The Consort statement can be divided into
even categories: ‘title/abstract’; ‘introduction’; ‘methods-trial’;
ethods-randomization’; ‘results’; ‘discussion’; and ‘other infor-
ation.’ In five of these categories (‘title/abstract,’ ‘methods-trial,’
methods-randomization,’ ‘results,’ and ‘other information’) less
han 50% of the items was reported.
.6. Non-randomized controlled trials
Eight non-RCTs were included; three clinical studies in healthy
lder adults (Ackerman et al., 2010; Li et al., 2008; Schmiedek et al.,
010) and five clinical studies in people with MCI  (Greenaway et al.,
008; Hampstead et al., 2008; Joosten-Weyn Banningh et al., 2008;
ondos et al., 2008; Ozgis et al., 2009).
In healthy older adults, one study aimed at improving working
emory performance by computerized training. The working
emory training showed improvements on practiced and near
ransfer tasks but no effects on far transfer tasks (Li et al., 2008).
wo studies aimed at improving cognitive functioning in general.
chmiedek et al. (2010) provided an internet-based training envi-
onment including tasks of perceptual speed, episodic memory,
nd working memory. They used only self-report evaluation
eports as outcome measures. Ackerman et al. (2010) provided a
rain training environment including training sessions with the Reviews 12 (2013) 263– 275
Nintendo Wii  and reading sessions which showed practice-related
improvement but no significant transfer effects.
In people with MCI, two studies focused on improving adap-
tive behavior and functional ability. Greenaway et al. (2008)
showed improvement in functional ability by the use of a ‘mem-
ory support system’ and Joosten-Weyn Banningh et al. (2008)
provided cognitive behavioral group therapy which resulted in
increased acceptance and marital satisfaction in people with MCI
and increased awareness in their caregivers. The results of two
studies focusing on memory improvement (by memory strategy
training or spaced retrieval memory training) showed practice-
related effects (Hampstead et al., 2008; Ozgis et al., 2009). The study
of Londos et al. (2008) examined the effect of an established reha-
bilitation program designed to improve cognitive performance,
occupational performance, and quality of life. The results showed
improvements in cognitive processing speed, occupational perfor-
mance, and some domains of quality of life (Londos et al., 2008).
4. Discussion
This systematic review, evaluating the effectiveness of cogni-
tive interventions in healthy older adults and people with MCI,
showed that cognitive interventions can be effective in improving
various aspects of objective cognitive functioning; memory per-
formance, executive functioning, processing speed, attention, fluid
intelligence, and subjective cognitive performance. A critical com-
parison between different intervention studies is difficult because
of the heterogeneity of the intervention programs and the chosen
outcome measures. Most intervention studies used memory per-
formance as the primary outcome measure, but only few studies
used similar tests to measure memory functioning which frus-
trated a more quantitative meta-analysis on these studies. Different
intervention programs proved to be effective in improving either
objective or subjective memory performance; training of mem-
ory strategies (Bottiroli and Cavallini, 2009; Cavallini et al., 2010;
Talib et al., 2008; Wagner et al., 2008), accompanied with practice
of attentional skills (Kinsella et al., 2009; Tsolaki et al., 2011),
psycho-educational lessons on memory and/or lifestyle (Fairchild
and Scogin, 2010; Troyer et al., 2008); computerized training of
working memory task (Berry et al., 2010; Borella et al., 2010;
Buschkuehl et al., 2008; Richmond et al., 2011); and training pro-
grams focusing on memory self-efficacy or metacognition (Hastings
and West, 2009; McDougall et al., 2010; West et al., 2008). Exec-
utive functioning was mostly included as a secondary outcome
measure, and only two intervention programs aimed directly at
improving executive functioning (Basak et al., 2008; Carlson et al.,
2008).
In addition to the heterogeneity of the included intervention
studies, the methodological quality of the studies differed vastly:
only between 16% and 73% of the quality criteria items were
addressed in the studies. When assessing studies with a high qual-
ity rating (>60% of the Consort quality criteria), we observed both
positive and negative results. The study of Smith et al. (2009)
showed that computerized cognitive training led to improvement
of performance generalizing to untrained measures of memory
and attention and subjective everyday functioning. The study of
Klusmann et al. (2010) showed that a 6-month computer course
had a positive affect on memory performance (measured with
the Rivermead Behavioral Memory Test) in healthy older adults.
However, the same improvement was  achieved with a 6-month
physical exercise course (Klusmann et al., 2010). In people with
MCI, a computer-based auditory processing speed training showed
no improvements on memory, executive, or general cognitive
performance (Barnes et al., 2009). However, a 5-week memory
rehabilitation program focusing on practicing memory strategies
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Barnes et al. (2009) 2 2 5 5 5 3 2 24 (65%)
Jean  et al. (2010a) 1 2 5 4 5 2 1 20 (54%)
Kinsella et al. (2009) 2 2 5 5 6 3 1 24 (65%)
Troyer et al. (2008) 1 2 4 4 6 2 0 19 (51%)
Tsolaki et al. (2011) 1 2 2 2 2 1 0 10 (27%)
Wagner et al. (2008) 0 2 3 0 1 0 0 6 (16%)
Bailey  et al. (2010) 0 1 4 1 3 3 1 13 (35%)
Basak et al. (2008) 0 2 5 1 6 3 1 18 (49%)
Berry  et al. (2010) 0 1 4 2 4 1 1 13 (35%)
Borella et al. (2010) 0 2 4 2 3 3 0 14 (38%)
Bottiroli and Cavallini
(2009)
1 1 4 2 4 1 0 13 (35%)
Buiza  et al. (2008) 1 1 3 0 0 2 1 8 (22%)
Buschkuehl et al.
(2008)
0 2 3 1 4 3 1 14 (38%)
Carlson et al. (2008) 1 2 5 2 5 3 1 19 (51%)
Cavallini et al. (2010) 0 1 3 2 2 2 1 11 (30%)
Fairchild and Scogin
(2010)
0 2 1 3 6 3 1 16 (43%)
Hastings and West
(2009)
0 2 4 1 3 3 1 14 (38%)
Klusmann et al. (2010) 2 2 6 6 6 3 1 26 (70%)
McDougall et al. (2010) 0 2 4 3 5 2 2 18 (49%)
Mozolic et al. (2011) 1 2 4 4 4 3 1 19 (51%)
Noice and Noice (2009) 0 2 4 2 6 2 1 17 (46%)
Richmond et al. (2011) 0 2 4 2 3 3 1 15 (41%)
Slegers et al. (2008) 1 2 5 4 5 3 1 21 (57%)
Smith et al. (2009) 1 2 5 7 8 3 1 27 (73%)
Talib  et al. (2008) 0 2 3 1 3 1 1 11 (30%)
Tranter and Koutstaal
(2008)































West  et al. (2008) 0 2 2 1 
Total  for category (%)15 (28%) 49 (91%) 104 (43%) 68 (31%) 
id show improvements on prospective memory task and strategy
nowledge repertoire (Kinsella et al., 2009).
Another aspect of methodological quality, not specifically
ddressed in the Consort Statement items, is whether the control
roup received an active control intervention or no intervention.
ith an active control condition the effects of, for example, social
ttention as part of group meetings can be controlled for. When
ooking at the RCTs in the healthy older adults, ten RCTs included
n active control condition. These studies did show an effect on
easures of cognitive functioning, more specifically executive
unctioning, speed, attention, and subjective memory functioning
Borella et al., 2010; Buschkuehl et al., 2008; Fairchild and Scogin,
010; McDougall et al., 2010; Mozolic et al., 2011; Noice and Noice,
009; Richmond et al., 2011; Slegers et al., 2008; Smith et al., 2009;
ranter and Koutstaal, 2008). In the MCI  population, two studies
ncluded an active control group. The interventions executed in
hese two studies did not show any significant effect (Barnes et al.,
009; Jean et al., 2010b). In conclusion, evaluating the results of
ntervention studies with an active control condition, it may  be
oncluded that cognitive interventions can have a positive effect
n various aspects of both objective and subjective cognitive func-
ioning in healthy older adults, but not in people with MCI.
An important question that was raised in earlier reviews is
hether observed training effects on various aspects of cognitive
unctioning generalize to untrained tasks or overall cognitive func-
ioning, or lead to functional improvement in daily life situations.
 number of studies specifically addressed the question of gener-
lization to untrained task or to subjective experience of cognitive
unctioning (Berry et al., 2010; Borella et al., 2010; Bottiroli and
avallini, 2009; Buschkuehl et al., 2008; Fairchild and Scogin, 2010;
ichmond et al., 2011; Smith et al., 2009). Activities of Daily Living
ADL) measures were included in three intervention studies and a3 3 1 12 (32%)
113 (42%) 64 (79%) 24 (30%) 44%
significant effect on ADL was  observed in one study (Smith et al.,
2009). From these data it can be concluded that there is very little
evidence for generalization effects to overall cognitive functioning
and daily life situations. The issue whether the effects of cognitive
interventions generalize to improvement in everyday life activities
still needs to be addressed more explicitly in future research.
Another important question is whether there is evidence of
the rooting of training effect after the training period has ended.
Follow-up data were available in seven out of twenty-six RCTs.
They showed that positive effects on memory strategy knowledge
remained after 3/4 months (Kinsella et al., 2009; Troyer et al., 2008),
positive effects on memory self-efficacy and recall tasks preserved
after 1 month (Hastings and West, 2009), positive effects on mem-
ory and speed preserved after 3 months (Smith et al., 2009), and
positive effects on speed and fluid intelligence preserved after 8
months (Borella et al., 2010). Two studies including a 1-year follow
up did not find any significant effects (Buschkuehl et al., 2008;
Slegers et al., 2008). From these data it can be concluded that train-
ing effects can be preserved at least for a couple of months.
In comparison to the earlier reviews of Papp et al. (2009),  Martin
et al. (2011) and Tardif and Simard (2011),  more intervention stud-
ies were included in this review. This could be the results of using
more elaborated search terms or an increase in studies investi-
gating the effect of cognitive interventions in the last few years.
However, our conclusions are in line with the conclusions of these
earlier reviews (Martin et al., 2011; Papp et al., 2009; Tardif and
Simard, 2011). A strength of this study, in comparison with earlier
reviews, is the methodological quality rating we  performed accord-
ing to the Consort Statement 2010 for RCTs. The methodological
quality of the twenty-seven RCTs differed considerably. Taking
into account that some items (such as blinding, serious harms,



















































74 J. Reijnders et al. / Ageing Res
nterventions, it seems clear that substantial improvement in terms
f study quality can still be made in future intervention studies. In
his review we included intervention studies from both healthy
lder adults and MCI  populations. Although a clear differentiation
etween these two populations can be made with regard to nor-
al  versus pathological aging, the intervention programs applied
annot be clearly differentiated and the question whether people
ith MCI  benefit from other intervention programs than healthy
lder adults still needs to be answered. A limitation of this review
s that due to the heterogeneity of the intervention programs and
utcome measures, we were not able to conduct a quantitative
eta-analysis. Besides this, the selected search terms and possi-
le publication bias are two aspects which could have influenced
he results our review.
.1. Conclusions
The results show evidence that cognitive training can be
ffective in improving various aspects of objective cognitive func-
ioning; memory performance, executive functioning, processing
peed, attention, fluid intelligence, and subjective cognitive per-
ormance. A critical comparison between different intervention
tudies is difficult because of the heterogeneity of the interven-
ion programs and the chosen outcome measures. In addition to
he heterogeneity of the included intervention studies, the meth-
dological quality of the studies differed widely. The issue whether
he effects of cognitive interventions generalize to improvement in
veryday life activities is still unresolved and needs to be addressed
ore explicitly in future research. For future research, inclusion of
 core set of outcome measures would be necessary to compare
he effectiveness of different cognitive intervention programs. Both
bjective and subjective outcome measures for specific cognitive
omains (e.g. memory, executive functioning) and ecological valid
easures that show improvements in daily cognitive functioning
hould be part of this core set of outcome measures. Besides this,
he methodological quality of future intervention studies should be
mproved by specifically addressing the quality control items con-
ained in the Consort criteria. In particular, the description of trial
esign and randomization should be reporting more accurately and
ollow up assessments should be included.
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